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efficient	biocontrol	agent	of	Penicillium digitatum in fruits. 
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INTRODUCTION
Fruit	 spoilage	 fungi	 such	 as	 Penicillium 
digitatum can cause important economic losses 
and	 harmful	 effects	 on	 human	 health	 especially	
due	 to	 mycotoxin	 production	 (Bryden,	 2007,	
2012).	
An	 alternative	 to	 chemical	 preservatives	
toxic	 for	 consumers	 is	 represented	by	 lactic	acid	
bacteria,	 generally	 recognized	 as	 safe	 (GRAS)	
(FDA,	 2014).	 LAB	 are	 already	 known	 to	 have	
beneficial	effects	against	 intracellular	pathogenic	




agents	of	 fruits	 contaminants	 (Dalie	et al.,	 2010;	
Trias,	2008).	
The	 antimicrobial	 mechanisms	 involved	 are	
the	production	of	organic	acids,	hydrogen	peroxide,	
diacetyl,	 bacteriocins,	 exopolysaccharides	
(Blagojev	et al.,	2012;	Erginkaya et al.,	2011;	Ünal 
et al.,	2011).
Research	has	been	carried	out	 to	 select	new	
LAB	 strains	with	 high	 antifungal	 activity	 against	
Penicillium digitatum	 for	 the	 biopreservation	 of	fruits.
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MATERIALS AND METHODS
Eight	 LAB	 strains	 were	 obtained	 from	 dr.	
Medana	Zamfir	 (Institute	 for	Biology	Bucharest),	
including	 six	 strains	 isolated	 from	 Romanian	
traditional	 products	 (sauerkraut,	 pickles	 and	
fermented	wheat	bran)	and	two	collection	strains	
used	 as	 reference	 (Lactobacillus paracasei	 IC	
13239	 and	Lactobacillus plantarum	 ATCC	 8014).	
LAB	 strains	 have	 been	 assayed	 on	 the	 growth	
of	 spoilage	 mycotoxigenic	 fungus	 P. digitatum 
isolated	from	contaminated	orange	(Fig.1)	on	PDA	
(Merck	KGaA	Germany).	
Interaction	 between	 LAB	 and	 selected	 fungi	
was	studied	by	overlay	assay	method	(Magnusson	




collected	 after	 incubation	 at	 25oC	 for	 72	 hours	
concerning	the	diameters	of	clear	visible	inhibition	
zones	 of	 fungal	 growth	 around	 the	 LAB	 strain	
spots.	 Values	 obtained	 represented	 the	 mean	
of	 three	 replicates	 per	 assay.	 The	 cultures	 were	
monitored	 for	 the	 persistence	 of	 the	 inhibition	
zones.	According	to	Adebayo	and	Aderiye	(2010)	





zones	was	examined	by	optic	microscopy. Fungal	species P.digitatum was	 co-cultivated	 with	 six	
LAB	strains	on	PD	liquid	medium.	Fifty	mililiters	
of	 sterile	 PD	 broth	 containing	 105 spores of P. 
digitatum	 mL-1	 and	 2	 mL	 from	 each	 of	 the	 LAB	
isolates	 were	 added	 into	 triplicate	 Erlenmeyer	
flasks.	In	the	control	sample,	only	2	mL	of	sterile	
MRS	broth	was	added	to	the	PD	broth	containing	








	 was	 the	 dry	 weight	 of	 fungal	 	 mycelium	
after	 inhibition	by	 lactic	acid	bacteria	(Hamed	et 
al.,	2011).	Data	collected	were	analysed	by	means	
of	one-way	ANOVA	statistics	and	subsequently	the	
differences	 between	 variants	 were	 determined	
using	the	Student	t	test	(for	p<	0.05).
RESULTS AND DISCUSSION
The	Petri	 plate	 aspect	 (Fig.	 2.)	 revealed	 that	
six	 strains	LAB	13,	 LAB	15,	 LAB	43,	 LAB	58,	 Lpl	
and	 Lpa	 induced	 large	 inhibiton	 zones	 of	 fungal	
growth	 around	 the	 bacterial	 spots	 at	 72	 hours	
and	at	5	days.	The	inhibitory	effect	of	the	strains	
lasted	over	7	days,	 except	 for	 the	 strain	LAB	58.	
These	 confirmed	 the	 fungicidal	 action	 of	 strains	
LAB	13,	LAB	15,	LAB	43,	Lpl	and	Lpa,	as	well	as	the	
fungistatic	action	of	LAB	58	(Tab.	1).
An	 inhibitory	 effect	 of	 Lactobacillus species 
isolated	 from	 food,	 including	 commercial	




The	 study	 of	 fungal	 structures	 by	 optic	
microscopy	 evidenced	 serious	 alterations	 in	 the	
inhibition	zone	created	around	the	bacterial	spots.	
Thus,	 hyphal	 alteration	 and	 disorganization,	
atypical	metulae	 and	delaying	 in	 conidial	 forma-
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tion	 are	 presented	 in	 Fig.	 3.	 Vacuolated	 hyphae	
and	decayed	conidiophores	bear	rare	and	twisted	
chains	of	atypical	conidia.
The	 behaviour	 of	 test	 fungus	 (Fig.	 4.)	 in	
the	 presence	 of	 six	 strains	 of	 LAB	was	 different	
depending	 on	 the	 co-cultivated	 LAB	 strain.	 The	
fungal	 biofilm	 was	 completely	 inhibited	 by	 the	
strains	LAB	13,	LAB	15	and	Lpa.	The	strains	LAB	58	
and	LAB	35	partly	inhibited	the	biofilm	formation	
with	 large	 central	 area	 lacking	 mycelium	 and	
scarce	 sporulation	 points.	 The	 fungal	 biofilm	
formed	covered	on	the	surface,	but	the	sporulation	
was	 inhibited	 under	 the	 influence	 of	 the	 strain	
LAB	43	(Fig.	5.).	In	the	flask	with	pure	culture	of	
P. digitatum	 the	 biofilm	 completely	 covered	 the	
surface	 and	 presented	 thick	 mycelia	 net	 with	 a	
pulverulent	 olive-gray	 conidial	 layer.	 The	 results	
of	the	assay	evidencing	the	inhibitory	effect	of	LAB	
on	 fungal	 biofilm	 are	 in	 concordance	 with	 data	
from	 literature	 that	 also	 reported	 an	 inhibitory	effect of Lactobacillus plantarum and Lactobacillus 
bulgaricus strains or their extracellular extracts on 
the	development	of	bacterial	biofilm	of	multidrug	
resistant	species.	The	maximum	percent	inhibition	reported for extracellular extract of L. plantarum 
was	 73.38%	 from	 the	 biofilm	 of	 Pseudomonas 
aeruginosa (El-Deeb	et al.,	2015).
In	the	present	assay,	the	strains	LAB	13,	LAB	
15	 and	Lpa	presented	 significant	 reducing	 effect	
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on	the	dry	weight	of	P. digitatum,	when	compared	
with	 pure	 culture	 control.	 Growth	 inhibition	 of	
spoilage	 fungus	 biofilm	 ranged	 from	 17.95%	 to	
76.92%.	The	values	registered	for	the	strains	LAB	
15	 and	LAB	13	where	 comparable	with	 those	 of	
the	 reference	 strain	 Lpa	 and	 significantly	 higher	
than	the	other	LAB	strains	(Tab.	1.).
Fungicidal	 effect	 of	 Lactobacillus plantarum 






In	 our	 experiment,	 the	 inhibitory	 effect	 of	
strains	 LAB	 13	 and	 LAB	 15,	 as	 well	 as	 of	 the	
reference	 strain	 Lpa	 was	 confirmed	 on	 both	
liquid	and	solid	culture	media.	The	results	are	in	
concordance	with	data	reported	by	Adebayo	and	
Aderiye	 (2010)	 that	 measured	 inhibition	 zones	
over	10	mm	diameter	on	solid	media	and	percent	
inhibition	 of	 P. citrinum	 spore	 germination	 over	
51%	 in	 the	 liquid	 media	 for	 various	 strains	 of	
bacteriocin	producing	LAB.	The	authors	suggested	
that	bioassay	 in	 liquid	media	was	more	sensitive	
than	 on	 solid	 media,	 possibly	 due	 to	 a	 greater	
diffusion	of	the	antifungal	compounds	in	the	liquid	than on solid medium.
















Fig. 5.	Fungal	biofilm	of	Penicillium digitatum	under	the	influence	of	LAB	strains	(5	days	cultures	on	PD	l 
iquid	medium)
230
 Bulletin UASVM Food Science and Technology 72(2) / 2015
CONCLUSION
The	 strains	 LAB	 13,	 LAB	 15,	 Lpl	 and	 Lpa	
presented	 fungicidal	 activity	 against	 P.digitatum. 
The	 strain	 LAB	 58	 presented	 high	 fungistatic	
activity.
Under	 the	 influence	 of	 LAB,	 the	 fungus	
presented	 disorganized	 hyphae	 and	 delaying	 in	conidial chain formation.
The	 effect	 of	 LAB	 strains	 in	 liquid	 media	
consisted	 in	 inhibiting	or	delaying	 the	 formation	
of	 fungal	 biofilm	 and	 sporulation	 process	 and	
reducing	the	dry	weight	of	mycelium.	
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